Members of the lesbian, gay, and bisexual (LGB) community experience significant health disparities. Widespread preferences for heterosexual over homosexual people among healthcare providers are believed to contribute to this inequity, making recognition (and ultimately reduction) of healthcare providers' sexual prejudices of import. The present study sought to characterize North American genetic counselors' and genetic counseling students' implicit and explicit attitudes toward homosexuality. During January 2017, 575 participants completed a Web-based survey and Sexuality Implicit Association Test (SIAT). A majority of participants (60.2%) harbored implicit preferences for heterosexual over homosexual people. Mean implicit attitude score (0.24) indicated a slight automatic preference for heterosexual over homosexual people, while mean explicit attitude score (0.033) indicated no preference for either group. Although participants' implicit and explicit attitudes were positively correlated (p < 0.001), there was greater implicit bias for heterosexual over homosexual people than suggested by explicit attitude scores (p < 0.001). Implicit attitudes differed across self-reported sexual orientation (p < 0.001), but not across gender, race, or genetic counseling specialty. Education has been demonstrated to be moderately effective at reducing sexual prejudices, and almost all participants (95.8%) indicated that they would support the implementation of genetic counseling curricula addressing lesbian, gay, bisexual, and transgender (LGBT) issues. The study's combined findings suggest that North American genetic counselors and genetic counseling students support, and may benefit from, the implementation of genetic counseling curricula addressing LGBT issues.
Introduction
Preface There exists a myriad of terms to describe people who identify outside the traditional heterosexual verses homosexual and cisgender verses transgender binaries. Indeed, it is often noted that an Balphabet soup^of terms exist to characterize peoples' preferences and identities related to sexual orientation and gender. Perhaps two of the most widely recognized abbreviations used to designate subgroups within the sexual orientation and gender spectrums are the grouping of members of the lesbian, gay, and bisexual communities into the LGB acronym and the grouping of members of the lesbian, gay, bisexual, and transgender communities into the LGBT acronym.
While it could certainly be argued that such labels are too restrictive to fully describe any one person's identity, the authors of the present study have attempted to provide clarity through purposeful use of these terms in the paper that follows. Namely, each use of the LGB and/or LGBT acronym is intentional and meant to highlight specific groups included in the referenced publications, study data, and so forth. Our mixed use of these acronyms is not meant to imply that these terms are interchangeable, nor is it meant to imply that they are the only, or even the preferred, umbrella terms for members of such communities.
As was stated in our consent form and is reiterated in our discussion section, the authors of the present study feel that research is needed on the relationships between genetic counselors and all sexual and gender minorities (here denoting people whose sexual orientation, gender identity, and/or sex development differ [s] from traditional norms).
Background
Despite representing 4-10% of the US population, lesbian, gay, and bisexual (LGB) individuals are disproportionately affected by health burdens (Gates and Newport 2016; Lim and Levitt 2011) . Members of the LGB community are more likely to suffer from mental illness (King et al. 2008) , delay or avoid medical care (Brown and Tracy 2008) , be overweight or obese (Yancey et al. 2003) , contract HIV and other sexually transmitted infections (Wolitski and Fenton 2011) , and abuse substances (Lee et al. 2009; McCabe et al. 2010) . Preferences for heterosexual people over homosexual people prevalent among healthcare providers are thought to contribute to these health disparities (Brotman et al. 2002; Dardick and Grady 1980; IOM 2011; Neville and Henrickson 2006) . To begin to address this issue, a recent report from the National Academy of Medicine (NAM)-formerly the Institute of Medicine (IOM)-called for research on healthcare providers' attitudes toward lesbian, gay, bisexual, and transgender (LGBT) patients (IOM 2011 ).
An individual's sexual prejudices, negative attitudes directed toward a person on the basis of his or her sexual orientation, may be assessed via their explicit and implicit attitudes toward homosexuality (Herek 2000) . Explicit attitudes are those which individuals consciously endorse, while implicit biases exist outside one's conscious awareness or control. Implicit attitudes are believed to afford researchers unique utility because they are more resistant to response biases such as limited self-awareness, social desirability, and impression management strategies (Nosek et al. 2007a ). Further, meta-analyses of implicit attitude measures have demonstrated their ability to predict discriminatory behaviors (Cameron et al. 2012; Greenwald et al. 2009 ).
There even exists a growing body of research, particularly within the realm of racial bias, to suggest that providers' implicit attitudes may impact clinical outcomes. For example, several studies have found a correlation between providers' level of implicit bias favoring White people over Black people and the provision of lesser health care services for Black patients Green et al. 2007 ). Of note, other studies have had less success demonstrating an association between providers' implicit attitudes and their clinical decisions (Blair et al. 2014; Green et al. 2007; Haider et al. 2015; Peris et al. 2008; Sabin and Greenwald 2012) . Still, research has consistently found that Black patients' report lower quality patient-provider communication and less satisfaction with care received from providers that harbor higher levels of pro-White implicit bias (Blair et al. 2013; Cooper et al. 2012; Penner et al. 2010; Zestcott et al. 2016) .
Prior studies have examined healthcare providers' explicit biases regarding sexual minorities, including those of social workers (Berkman and Zinberg 1997; Logie et al. 2007 ), psychologists (Hayes and Erkis 2000) , psychiatric nurses (Smith 1993) , and physicians (Téllez et al. 1999 ). Recent research has described both the explicit and implicit attitudes of substance abuse treatment providers (Cochran et al. 2007) , first year medical students (Burke et al. 2015) , physicians, nurses, mental health providers, and other non-diagnostic providers (Sabin et al. 2015) . Genetic counselors represent a group of healthcare professionals whose attitudes have yet to be characterized, yet data on genetic counselors' and genetic counseling students' implicit and explicit attitudes toward homosexuality would be of value for a number of reasons.
First, little is currently known about the relationship between genetic counselors and LGB people, as only two papers have been published on the topic. Glessner et al. (2012) utilized online surveys to investigate LGB patients' experiences in genetic counseling, as well as genetic counselors' attitudes and practices counseling LGBT patients. None of the 29 LGB survey participants reported experiencing discrimination during their genetic counseling session(s). A majority of genetic counselors (91%) reported having counseled LGBT patients before, and approximately a quarter (25.5%) reported worrying about offending LGBT patients. VandenLangenberg et al. (2012) sought to further characterize LGB patient experiences in genetic counseling through follow-up qualitative interviews with 12 participants (10 lesbian women, 1 gay man, and 1 bisexual woman) from the Glessner study. The VandenLangenberg study found that behavioral indicators of genetic counselors' attitudes toward sexual minorities (e.g., eye contact, use of inclusive gender-neutral language) had a greater influence on the quality of the patient-provider relationship than tangible demonstrations of acceptance (e.g., LGBT-friendly symbols in a genetic counseling office), further suggesting that providers' attitudes and subsequent communication behaviors may impact patients' perceptions of clinical interactions (Blair et al. 2013; Cooper et al. 2012; Penner et al. 2010; Zestcott et al. 2016) .
Data on genetic counselors' and genetic counseling students' attitudes toward homosexuality would also be useful, as there is presently no standardized genetic counseling curriculum addressing LGBT issues. Of note, Glessner et al. (2012) found that while a majority of genetic counselors (61%) desired formal education on LGBT issues, only a small portion of genetic counselors (17%) reported receiving such training. Importantly, the Glessner study only surveyed practicing genetic counselors, thus genetic counseling students' curricular preferences have yet to be assessed. The characterization of genetic counselors' and genetic counseling students' attitudes toward homosexuality is an important first step toward addressing this unmet educational desire. A baseline attitude analysis would be useful to assess if opportunity exists for bias reduction, guide curricular planning, and provide a metric for evaluating the efficacy of future educational intervention(s).
The primary aim of our study was to describe North American genetic counselors' and genetic counseling students' implicit and explicit attitudes toward homosexuality. A secondary aim was to assess both genetic counselors' and genetic counseling students' interest in curricula addressing LGBT issues. In light of prior research, we hypothesized that (i) participants will harbor implicit biases favoring heterosexuality that are stronger than suggested by their explicit attitudes; (ii) self-reported sexual orientation, gender, race, and genetic counseling specialty will impact participants' implicit attitudes; and (iii) a majority of participants will express support for the implementation of genetic counseling curricula addressing LGBT issues (Cochran et al. 2007; Glessner et al. 2012; Sabin et al. 2009 Sabin et al. , 2015 .
Methods

Participants and Procedures
Eligible study participants included practicing genetic counselors and genetic counseling students currently living in North America. The study was open for 1 month, and participants were recruited via a total of three e-mail advertisements sent during January 2017. Two recruitment emails were sent through the National Society of Genetic Counselors (NSGC) Student Research Survey Program. One additional e-mail, aimed at reaching students not subscribed to the NSGC e-mail distribution list, was sent to the Association of Genetic Counseling Program Directors (AGCPD) e-mail distribution list. The study advertisement invited genetic counselors and genetic counseling students to participate in an anonymous, 10 min Web-based study about their implicit and explicit attitudes toward homosexuality. Participants were informed of their right to withdraw consent and discontinue participation at any time. Regardless of participation, email recipients were given the option of entering a lottery for one of three $25 gift cards. The study was approved by the Stanford University Institutional Review Board.
Instrumentation
Data were collected using the Project Implicit ®Sexuality Implicit Association Test (SIAT) and the Explicit Attitudes and Demographics Questionnaire. Both measures are described below.
The Sexuality Implicit Association Test: The SIAT has been designed and validated to assess participants' implicit attitudes toward homosexuality by quantifying strengths of association between the concepts homosexual people and heterosexual people, and the attributes good and bad (Nosek et al. 2005 (Nosek et al. , 2007a . In each SIAT trial, study participants used designated computer keys (Be^and Bi^) to sort a word or image representing the previously mentioned concepts and attributes. Participants were instructed to work as quickly and accurately as possible, as each stimulus remained at the center of their computer screen until it was correctly categorized. The study's SIAT included two critical blocks (comprised of 40 trials each) interspersed among three practice blocks (comprised of 20 trials each). Only trials from the critical blocks were included in analysis, and participants were not informed which were critical versus practice blocks. During the critical blocks, participants sorted words and images into dual concept/attribute categories, with pairings flipped between blocks. In an effort to mitigate bias stemming from task order, participants were randomly assigned to one of two conditions with inverse concept/attribute pairing orders. SIAT trial block sequences are summarized in Table 1 .
The D score, the primary measure of analysis of the SIAT, is defined as the standardized difference in mean trial response time (in milliseconds) between the two critical blocks (Greenwald et al. 2003) . Following convention, the calculated D score had a potential range of − 2 (implicit preference for homosexual people over heterosexual people) to 2 (implicit preference for heterosexual people over homosexual people). Within this range, internal cutoffs were established as follows:
.35, ± 0.65), and BStrong Preference[ ± 0.65, ± 2.0]. Following standardized Implicit Association Test (IAT) procedures, data from subjects who went too quickly (> 10% of total trials with response latencies < 300 ms) or made too many errors (initially incorrect responses for > 30% of trials in the critical blocks) were removed from the final dataset (Greenwald et al. 2003) .
The Explicit Attitudes and Demographics Questionnaire: The 20-question Explicit Attitudes and Demographics Questionnaire was designed specifically for this study and included 14 questions regarding participants' demographics and explicit attitudes toward homosexuality. The study's explicit attitude assessment was modeled after that used in the Project Implicit ®public SIAT and included a 7-point Likert scale recoded to match the aforementioned numeric D score subcategories. An additional six questions assessed nondemographic characteristics, including level of comfort providing genetic counseling services to patients in general; level of comfort providing genetic counseling services to patients who identify as homosexual, gay, or lesbian; level of support for the implementation of genetic counseling curricula addressing LGBT issues; perceived frequency of genetic counseling appointments with patients who identify as homosexual, gay, or lesbian; and amount of contact with people who identify as homosexual, gay, or lesbian.
Participants were permitted to opt out of individual questions by selecting, BI prefer to keep this information to myself.^Data from participants that skipped five or more questions on the Explicit Attitudes and Demographics Questionnaire were excluded from the final dataset.
Data Analysis
A two-tailed, unpaired t test was used to compare the sample's mean D score to the general population's mean D score referenced in the literature (Nosek et al. 2007b ). Pearson's correlation coefficient and a two-tailed, paired t test were used to compare the sample's mean D and explicit attitude scores. Two-tailed, unpaired t tests were used to compare mean D scores across the sample's gender and race demographic subgroups. One-way ANOVA tests and post hoc Tukey tests were used to compare mean D scores across the sample's sexual orientation and genetic counseling specialty subgroups. All data analysis was performed using Stata/IC version 14.2. A priori power analysis indicated a study sample of 300 would provide 95% power to detect a standardized effect difference of 0.20.
Results
A total of 582 survey responses were collected during January 2017, of which 575 were analyzed (data from three participants removed for failure to meet study inclusion criteria; data from four participants removed for failure to meet standardized IAT data inclusion criteria). This represents roughly 11.5% of the estimated North American genetic counselor and genetic counseling student population (N =~5000).
Since it is unknown how many individuals received and opened the study invitation, 13.9% represents a conservative response rate (NSGC listserv N = 3568; North American genetic counseling student population N = 612).
Demographics
Nearly all study participants identified as female (95.3%) and Caucasian (92.0%) with a mean age of 31.4 years (range = 21-68). Approximately one third of participants (32.7%) were genetic counseling students. Top genetic counseling specialties represented included cancer (20.7%), prenatal (14.3%), pediatric (8.7%), and laboratory (7.3%). Where transferable, sample demographics closely mirrored North American genetic counselor distributions as presented in the 2016 NSGC Professional Status Survey (PSS) (NSGC PSS 2016). Sample demographics and PSS comparisons are presented in Table 2 .
Implicit and Explicit Attitudes
The distribution of D scores for the study sample is depicted in Fig. 1 . A majority of participants (60.2%) were found to have a D score ≥ 0.15, indicating at least slight implicit preference for heterosexual people over homosexual people. The sample's mean D score (x = 0.24, SD = 0.41) was significantly lower (p < 0.001) than the mean D score (x = 0.35, SD = 0.47) (Nosek et al. 2007b ). The sample's mean D score indicated a slight implicit preference for heterosexual people, while mean explicit attitude score (x = 0.033, SD = 0.13) indicated no preference for either group. Although attitude scores were positively correlated (r = 0.27, p < 0.001), there was significantly greater implicit bias for heterosexual people over homosexual people than suggested by explicit attitude scores (p < 0.001).
There was a significant effect of self-reported sexual orientation on D score (p < 0.001). Participants who identified as heterosexual/straight (x = 0.27) had greater D scores than participants who identified as bisexual (x = − 0.10, p < 0.001) and greater D scores than participants who identified as homosexual/gay/lesbian (x = − 0.13, p < 0.001). D scores did not differ significantly between participants who identified as bisexual and participants who identified as homosexual/ gay/lesbian (p > 0.05). No other subgroup comparisons yielded significance for the remaining demographic groups analyzed (gender, race, and genetic counseling specialty). Post hoc power analyses for gender and race revealed 15.2 and 5.3% power, respectively. Table 3 summarizes D score by demographic subgroup.
Curricular Support
Nearly all study participants (95.8%) agreed or strongly agreed that they would Bsupport the implementation of genetic counseling curricula addressing LGBT issues,^with high levels of support consistent across geographic regions and genetic counseling specialties. Of the 188 students who completed the study, 95.2% agreed or strongly agreed with the aforementioned statement.
Discussion
To our knowledge, this study is the first of its kind examining North American genetic counselors' and genetic counseling students' implicit and explicit attitudes toward homosexuality.
Our study found that while a majority of participants (60.2%) harbored at least slight implicit preference for heterosexual people over homosexual people, North American genetic counselors' and genetic counseling students' level of implicit bias may be relatively low. The sample's mean D score was significantly lower than the general population's mean D score between 2002 and 2006 (Nosek et al. 2007b) . Given the social and legal progress made by the LGBT community in the twenty-first century, it is certainly possible this difference is not indicative of comparatively lower implicit bias in genetic counselors, but instead reflects larger cultural shifts in attitudes over time. However, prior research suggests 1 Comparisons of the sample's mean D score to the implicit attitude scores of additional groups previously reported in the literature were complicated by differences in methodologies, data reporting, and/or sample sizes (Burke et al. 2015; Cochran et al. 2007; Sabin et al. 2015) . When asked their current place of residence, 1.2% of participants selected, BI prefer to keep this information to myself.^Given the inclusion of Bnone of the above^as an alternative answer choice, the small number of genetic counselors in certain states and provinces, as well as the aggregate patterns of gender identities and/or sexual orientations of participants that selected, BI prefer to keep this information to myself,^said answer was interpreted as a desire to maintain anonymity, rather than study ineligibility due to geographic location. Therefore, data from such participants were included in analysis that this finding may not be solely attributable to temporal discrepancy. For example, the genetic counseling experiences of 29 LGB individuals led Glessner et al. (2012) to postulate that genetic counselors may be particularly Bsensitive to the GLB [gay, lesbian, and bisexual] lifestyle^due to the profession's training emphasis on empathy, non-judgment, and diversity appreciation ). It remains conceivable that the profession's commitment to cultural sensitivity as a guiding principle throughout training translates to lower levels of implicit bias.
Our study found opportunity for increased self-awareness of personal biases favoring heterosexual people over homosexual people among North American genetic counselors and genetic counseling students. Congruent with the findings of prior research, D and explicit attitude scores were found to positively correlate; however, paired score comparisons indicated that participants harbored implicit preferences favoring heterosexual people that were significantly stronger than their explicit attitude scores (Sabin et al. 2015) . Due to the anonymous nature of the study, we postulate this discordance is primarily indicative of participants' introspective capabilities. Namely, these findings may suggest that although participants were generally aware of the existence of their biases, they were not fully cognizant of the extent of their biases. Alternatively, this discrepancy may be reflective of a perceived pressure to explicitly respond in a socially desirable fashion and participants' subsequent reluctance to even anonymously acknowledge known personal biases. Still, a more generous interpretation might be that participants' explicit attitudes reflect their idealized self-image, or the level of bias they aspire toward (Sukhera et al. 2018) .
Self-reported sexual orientation was found to have a significant effect on D score, such that participants who identified as bisexual or homosexual/gay/lesbian demonstrated significantly weaker biases than participants who identified as heterosexual/straight. Previous studies have also found that heterosexual substance abuse treatment providers (Cochran et al. 2007 ), physicians, nurses, mental health providers, and other non-diagnostic providers (Sabin et al. 2015) typically hold more negative implicit attitudes toward gay men and lesbian women than sexual minority healthcare providers. Similar trends of implicit bias favoring ones' own group have also been demonstrated using race and religion IATs (Green et al. 2007; Nosek et al. 2007b ). The phenomena of Bin-group^favoritism, skewed positive feelings directed toward one's own community or similar communities, has been proposed as an explanation for such consistent findings (Sabin et al. 2015) . Given that the mean D scores for bisexual and homosexual/gay/lesbian participants (although < 0) were within the range conventionally set to indicate BNo Preference,^while the mean D score for heterosexual/ straight participants indicated a BSlight Preference^for heterosexual people, it is possible that the degree of Bin-group^favoritism demonstrated by members of a given community varies as a function of the level of societal stigma associated with membership to said community.
Analysis of implicit attitudes across the remaining demographic subgroups suggests that implicit preferences for heterosexual over homosexual people are ubiquitous among North American genetic counselors and genetic counseling students. D score comparisons across gender, race, and genetic counseling specialty failed to identify subgroups harboring unique patterns of implicit bias. For several groups, our power to detect a difference was low. As such, lesser differences in implicit bias may have been missed due to small subgroup .65, ± 2.0]. As is indicated by the vertical reference line set at 0.15, a majority of participants (60.2%) were found to have a D score ≥ 0.15 sample sizes. Still, mean D scores consistently indicated a BSlight Preference^for heterosexual over homosexual people for all but the aforementioned sexual minority subgroups. Such findings were interpreted as near universal opportunity for bias reduction among North American genetic counselors and genetic counseling students.
Education presents a viable intervention to address our study's findings, as it has been demonstrated to be moderately effective at reducing sexual prejudices (Bartoş et al. 2014) . Prior research has suggested that certain educational interventions to reduce prejudice (those aimed at dispelling stereotypes) are more effective in individuals who exhibit less bias (Corrigan 2005) . Given our sample's relatively low level of implicit bias (compared to that of the general population), education may provide a particularly promising bias reduction option for North American genetic counselors and genetic counseling students. Importantly, genetic counselors and genetic counseling students actually desire such academic opportunities. Nearly all study participants (95.8%) agreed or strongly agreed that they would Bsupport the implementation of genetic counseling curricula addressing LGBT issues.^This number is up from 61% in 2012 and, at a minimum, reflects growing levels of curricular interest among practicing genetic counselors . Participants reported high levels of support across all geographic regions and genetic counseling specialties, including students. The 188 students who completed our study comprised the largest genetic counseling specialty represented within our sample, and a majority (95.2%) supported the implementation of curricula addressing LGBT issues. It follows that training programs may benefit from the creation and implementation of a standardized genetic counseling curriculum addressing LGBT issues.
Further supporting this notion, a curriculum addressing LGBT issues is in congruence with the Practice-Based Competencies for Genetic Counselors put forth by the Accreditation Council for Genetic Counseling (ACGC) (2015) . The ACGC has delineated 22 skill sets that define a proficient entry-level genetic counselor. Among other qualities, a competent genetic counselor can Brecognize [their] own values and biases as they relate to genetic counseling^and Bapply genetic counseling skills in a culturally responsive and respectful manner to all clients.^Such guidelines suggest a requisite for training programs to ensure students are cognizant of their own sexual prejudices and, at a minimum, attain cultural competency on LGBT issues as they relate to genetic counseling. (In addition to denoting an impetus for the profession to offer similar continuing education opportunities for practicing genetic counselors.) Not only do North American genetic counselors and genetic counseling students support (and to the extent that is demonstrated by the present study, may benefit from) the implementation of genetic counseling curricula addressing LGBT issues, but it could also be argued that the profession's accreditation board actually requires provider proficiency in this domain.
Study Limitations and Research Recommendations
Our study has additional limitations not previously addressed. The study's recruitment strategy (e-mail advertisements sent to the NSGC Student Research Survey Program and AGCPD e-mail distribution list) may have produced a biased sample. Although the sample's demographics largely mirrored those collected via the 2016 PSS, it is unknown if non-participants differed from study participants in salient ways. Additionally, the results of our study may be reflective of the cultural climate during which they were obtained and may not be constant across time. Lastly, the SIAT used in this study was designed to solely assess participants' implicit attitudes toward homosexual versus heterosexual people. As such, the study's scope reflects this same limited binary.
Future research exploring the relationships between genetic counselors and all sexual and gender minorities is recommended to address this last study limitation and knowledge gap. Further research is also recommended to discern whether limited introspective access, motivations of social desirability, or other factors underlie the discordance between participants' implicit and explicit attitudes. Research investigating how genetic counselors' implicit biases affect their care delivery would be useful to identify possible clinical impacts of biases, as would research investigating if awareness of personal biases affects genetic counselors' practice and/or desire for training. Lastly, in regard to the study's recommendation for the implementation of a standardized genetic counseling curriculum addressing LGBT issues, further research is recommended to identify specific educational needs in order to provide tailored curricular content for genetic counselors and to maximize any resulting positive health impacts for LGBT patients.
Conclusions
Recognition, and ultimately reduction, of healthcare providers' sexual prejudices is of import, as preferences for heterosexual people over homosexual people widespread among healthcare providers are thought to contribute to LGB health disparities (Brotman et al. 2002; Dardick and Grady 1980; IOM 2011; Neville and Henrickson 2006) . To our knowledge, this study is the first of its kind examining North American genetic counselors' and genetic counseling students' implicit and explicit attitudes toward homosexuality. The present study's combined findings of (i) opportunity for increased self-awareness of implicit biases favoring heterosexual people over homosexual people among North American genetic counselors and genetic counseling students, (ii) room for bias reduction across most demographic subgroups examined, and (iii) near universal support for the implementation of genetic counseling curricula addressing LGBT issues, may indicate that genetic counselors and genetic counseling students are ripe for educational interventions to reduce sexual prejudices and improve their patients' health outcomes. The standardization of LGBT cultural competency training within genetic counseling is a logical and important next step toward achieving these goals.
